Remark This is an extended summary, prepared for the CIFER 2000 conference in New York city, of the paper with the same title. The whole paper can be downloaded from the web page www.ieor.columbia.edu/-kou Brownian motion and normal distribution have been widely used to study option pricing and the return of assets; for references, see, for example, Cox and Rubinstein (1 985), Duffie (1 995), Hull (1 999), Ingersoll(l988), Karatzas and Shreve (1 998), Merton (1 990), Musiela and Rutkowski (1 997), Elliot and Kopp (1 998), and Boyle, Broadie, and Glasserman (1 997). Option pricing papers within the classical Black-Scholes-Merton model that are particularly relevant to the current paper are: Black and Scholes (1 973) model for the call and put options; Black (1 976) model for options on htures contracts; Heath, Jarrow and Morton (1 992) model for options on bonds; and Brace, Gatarek, and Musiela model (1 997) for caps and floors, which are options on discretely compounded simple interest rates and are among the most liquidated interest rate options (see also Miltersen, S a n d " and Sondermann, 1997, and Jamshidian, 1997).
1. The leptokurtic and asymmetric features. In the above classical models, the marginal distribution of the underlying assets is assumed to be normal. However, many empirical studies suggest that the distribution is skewed to the left, and has a higher peak and two heavier tails than those of the normal distribution.
2.
The volatility smile. More precisely, if the Black-Scholes-Merton model is correct, then the implied volatility should be constant; but it is widely recognized that the implied volatility curve resembles a "smile", meaning it is a convex curve of the strike price.
Many researches have been conducted to modify the Black-Scholes models to explain the two puzzles. (1 999). An immediate problem with these models is that it may be difficult to obtain analytical solutions for the purpose of option pricing; more precisely, they might give some analytical formulae for regular call and put options, but certainly not for interest rate derivatives and exotic options, such as perpetual American options, barrier and lookback options.
In a parallel development, different models are also proposed to incorporate the "volatility smile". Popular ones are (a) stochastic volatility and ARCH models; see, for example, Hull and White Aside from the problem that it might not be easy to find analytical solutions for option pricing, especially for exotic options (such as perpetual American options, barrier and lookback options), these models may not produce the leptokurtic and asymmetric features, especially the "high peak" feature.
The current paper attempts to propose a new model, which has three properties.
1.
It has the leptokuhic and asymmetric features, under which the return distribution of the assets has a higher peak and two heavier tails than the normal distribution, especially the left tail; see section 2. 2. It leads to analytical solutions to many option pricing problems, including Although there are, as we discussed before, many models that can incorporate some of the three properties (the leptokurtic feature, analytically tractability, and "volatility smile"), the current model can incorporate all three under a unified fiamework.
The model that we propose for the price of an underlying asset (for example, a stock or a stock index) is very simple. It consists of two parts, a continuous part modeled by a geometric Brownian motion, and a jump part, with the logarithm of the jump sizes having a double exponential distribution and the jump times corresponding to the event times of a Poisson process. Because of the simplicity, the parameters in the model can be easily interpreted, and the closed form solutions for option pricing can be obtained in terms of the Hh functions.
General properties of jump diffusion models with independent identically distributed jump sizes have been extensively studied since the original paper of Merton (1 976); for excellent surveys, see Duffie (1 995) and Merton (1 990). In addition to the modeling and studying of the leptokurtic feature and "volatility smile", the technical contribution of the current paper is that we provide an explicit calculation of option prices in the case of the logarithm of the jump sizes being double exponentially distributed. The explicit calculation is made possible partly because of the memoryless property of the double exponential distribution.
The paper is organized in the following way. In section 2, the model is proposed and the leptokurtic feature is studied. Some preliminary results, including the Hh functions, are given in section 3. Formulae for option pricing problems, including options on futures, are provided in section 4. Section 5.1 studies the pricing of interest rate options, such as . caplets and bond options. "Volatility smiles" is studied in section 5.2. The last section discusses the advantages and disadvantages of the model.
